ABSTRACT
INTRODUCTION
This document provides an analytical study on the performance of Oil Paint Image Filter Algorithm. There are various popular linear image filters are available. One of them is Oil Paint image effect. This algorithm, being heavy in terms of processing it is investigated in this study. There related studies are detailed in the Section 7.
BACKGROUND
Modern days, hands are flooded with digital companions, like Digital Camera, Smart Phones and so on. Most of the devices are having built-in camera. People now more keen on using the built-in camera. The computation power of this class of devices is also increasing day by day. The usage of this handheld devices as camera, overshoot the usage of traditional camera in huge number.
The usage of these cameras has become a common fashion of modern life. This has started a new stream of applications. Applications include various categories e.g. image editing, image enhancement, camera extension application and so on. A large group of these applications include applying different kinds of image filters.
Image filters are of different kinds, with respect their nature of processing or mathematical model. Some of the image filters are good in execution-time in comparison with others. The execution time is a very important data, for this category of application development. Oil Paint is one of the very popular linear image filters, which is very heavy in terms of execution.
INVESTIGATION METHOD
A simple windows application is developed to analyse different types of image filters. The purpose of this windows application is to accept different JPG image files as an input, and apply different kinds of image filters on to it. In the process of applying image filters the application will log the processing time. The overall operation of the application is explained here.
Operational Overview
The application is realised with two primary requirements: input jpg image files and configuration of image filter parameters. To cater requirements, the application is designed with three major components: a user interface, a jpeg image encoder-decoder and image filter algorithm.
The user interface is developed with Microsoft's Win32 programing. The image encoder and decoder component is designed with Windows Imaging Component, provided by Microsoft on windows desktop.
The following flowchart diagram shows the operational overview of the test environment. During this process of testing, the processing time is logged and analysed for the study.
Implementation Overview
Considering the above workflow diagram, main focus of the current study is done with the application of image filter (marked as "Apply Image Filter" operation). Other operations are End considered to be well known and do not affect the study. The code snippet below will provide the clear view of implementation. The user interface can be designed in various ways; even this experiment can be performed without a GUI also. That is why the main operational point of interests can be realized with the following way.
Decoder
The interface for decoding is exposed as shown here.
One of the possible ways of implementing the decode interface is provided here. Image Files /* ******** ******* ******** ******* ******** ******* ******* ******** ******* ******** ****** * Function Name : Decode * Descript ion : T he funct ion dec odes an image f ile and gets th e decod ed buffe r. * * ******** ******* ******** ******* ******** ******* ******* ******** ******* ******** ***** 
Encoder
The interface for encoding is exposed as shown here.
One of the possible ways of implementing the encode interface is provided here. /* ******** ******* ******** ******* ******** ******* ******* ******** ******* ******** ****** * Function Name : Encode * * Descript ion : T he funct ion enc odes an deocode d buffe r into a n image file. * * ******** ******* ******** ******* ******** ******* ******* ******** ******* ******** ***** /* Update t he pixe l inform ation * / BREAK_IF_FA ILED(pB itmapFra meEncod e->SetPi xelForm at(pWic PixelFor matGUID )) BREAK_IF_FA ILED(pB itmapFra meEncod e->SetSi ze(imag eWidth, imageHe ight)) BREAK_IF_FA ILED(pB itmapFra meEncod e->Write Pixels( imageHe ight, cb Stride, cbBbufferS ize, pD ecodedBu ffer))
BREAK_IF_FA ILED(pB itmapFra meEncod e->Commi t()) BREAK_IF_FA ILED(pB itmapJpg Encoder ->Commit ()) pFactory->R elease( ); return hr; } /* ******** ******* ******** ******* ******** ******* ******* ******** ******* ******** ****** * Utility Macros * ******** ******* ******** ******* ******** ******* ******* ******** ******* ******** ******/ #define BRE AK_IF_F AILED(X) hr = X; \ if (FAILED (hr)) { break; } \
Application of Image Filter
The image processing algorithm is the subject of study in current experiment. Details of the algorithms are explained later sections. Following code snippet will explain how the performances for any simple filter (e.g. oil paint) captured for study. Similar approach is followed all image filters.
For measuring the time taken for processing, well known standard windows API GetTickCount is used. GetTickCount retrieves the number of milliseconds that have elapsed since the system was started. 
OIL PAINT IMAGE FILTER IN RGB COLOUR MODEL
During this study, the input images are considered to be in RGB model. In this model, an image consists of two dimensional arrays of pixels. Each pixel of a 2D array contains data of red, green and blue colour channel respectively.
The Image Filters are basically algorithm for changing the values of Red, Green and Blue component of a pixel to a certain value.
There are various kinds of Image Filters, available. One of the categories of image filter is linear image filters. For processing one pixel its neighbouring pixels is accessed, in linear image filter. Depending upon the amount of access to neighbouring pixels, the performance of linear filters is affected.
As a part of our analysis we have considered Oil Paint image filter, which is popular but process hungry.
Histogram based algorithm for Oil Paint
For each pixel, it is done in this way: for pixel at position (x, y), find the most frequently occurring intensity value in its neighbourhood. And set it as the new colour value at position (x, y).
The interface for the oil paint algorithm is exposed as follows. /* ******** ******* ******** ******* ******** ******* ******* ******** ******* ******** ****** * Function Name : ApplyOi lPaintO nBuffer * Descript ion : A pply oil paint effect o n decod ed buff er. * * ******** ******* ******** ******* ******** ******* ******* ******** ******* ******** ******/ HRESULT App lyOilPa intOnBuf fer(PBY TE pInBu ffer, U INT wid th, UINT height , const UINT in tensity_ level, const in t radius, PBY TE pOut Buffer);
Generally bigger images will be captured with higher resolution cameras. Here the radius also needs to be of higher value to create better oil paint image effect. And this creates more performance bottleneck.
One of the possible ways of implementing the interface is as follows. 
Experimental Results
The experimental is conducted with images of different size and application of oil paint with different radius. The following data shows the time of execution with different parameters. In due course of our investigation, we have observed that the performance of oil paint image filter increases in greater degree with increasing width, height and radius (i.e. usage of neighbouring pixel).
More importantly, we have observed most of the high resolution images are captured by more and more and power camera (i.e. either in high end digital camera or high end handheld devices). For these kinds of higher resolution photos, as the resolution of the image increases, the radius parameter needs to be increased to generate Oil Paint effect of an acceptable quality. 
OIL PAINT IMAGE FILTER BY MICROSOFT PARALLEL PATTERNS LIBRARY
We have observed, in our previous section of investigation, which time increases with higher degree with increasing width, height and radius. So we tried to improve the oil paint algorithm by using Microsoft Parallel Patterns Library. We have kept the same interface for Oil Paint algorithm; only we differentiated in the implementation. Following code snippet will provide clear picture of the implementation using Microsoft PPL. for(row = r adius; row < (w idth -radius); row++) { /* This portion of the code re mains sa me, as mention ed above */ } }); return S_OK ; }
CONCLUSIONS
As mentioned in section 4 & 7, I have obtained result, which depicts huge growth in processing time with respect to the increase in kernel size of oil paint image filter. There are various approaches have been proposed for the betterment of processing performance of the image filter algorithms. The parallel pattern library is a Microsoft library designed for the use by native C++ developers, which provides features of multicore programming. The current paper conducts study on improving oil paint image filter algorithm using the Microsoft technology.
By comparing results, as shown in section 6 I conclude that by using Microsoft Parallel Pattern library 71.6% (average) performance improvement can be achieved for Oil Paint Algorithm. This study is applicable for similar class of image filter algorithms as well.
There are various similar image filter algorithm, where processing of a single pixel depends on the values of its neighbouring pixels. In this respect, if the larger neighbouring pixels are accessed, there are performance issues. The approach mentioned in this paper can be referred for similar issues.
In future, more well-known or new techniques in conjunction with the current idea can be used for betterment. Not only in image processing in other dimensions of signal processing as well similar approach can be tried.
